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0 Creation of a parting zone In a crystal structure. 

@ A method of providing a thin parting zone in 
diamond and other crystal material is used to sepa- 
rate the crystal into multiple parts. The method com- 
prises the following steps. An entrance window is 
prepared on the outer surface of the crystal. The 
wifKjow can transmit a t>eam of energy. An energy 
beam is focussed on a point zone of energy absort>- 
ing material which is spaced from the window in the 
crystal. The energy absorbing zone is generated at 
the focal point of the beam. The focal point of the 
beam is scanned through a succession of overlap- 
ping potential damage cells which lie along a pre- 
detemiined parting zone within the crystal. The 
^beam creates a plurality of actual damage cells 
^comprised of shattered material which creates the 
parting surface. The succession of potential damage 
Ocell is such that the previously generated actual 
^damage celts do not lie along the path of the beam 
between the actual damage cells being generated 
*^and the window. 
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CREATION OF A PARTING ZONE IN A CRYSTAL STRUCTURE 



Background of The Invention 

This invention relates in genera! to the genera- 
tion of a parting zone or plane for separating a 
crystal structure into two or more separate pieces. 
More particularly, this invention relates to the gen- 
eration of a parting zone in a crystal material, such 
as a diamond, where the parting zone so created is 
not the natural cleavage plane of the crystal struc- 
ture. 

Presently available methods of cutting dia- 
monds Include: 

Cleaving along the natural cleavage plane of 
the diamond which limits the shapes into which the 
diamonds can be cut, causes loss of those seg- 
ments which cannot otherwise be made into a 
commercial diamond structures, requires a great 
deal of time and skill, and creates the risk of 
substantial loss or lessening of the diamond's value 
if the split does not follow along the proper 
cleavage plane; and sawing methods which are 
slow, require a large kerf or with the risk of shatter- 
ing. 

The purpose of this invention is to provide a 
more versatile technique for cutting a crystal such 
as a diamond into two or more pieces. 

It is the purpose of this invention to provide 
such technique that the risk of damage to the 
diamond during the process is reduced as com- 
pared to the present techniques that employ a saw. 

It is a related purpose of this invention to 
provide such means and technique as require less 
highly skilled individuals, than now required. 

It is a further purpose to provide a diamond 
* cutting technique that can be completed more 
quickly than the total process that surrounds the 
present diamond cutting techniques. 

Yet a further purpose is to provide such a 
technique which requires a smaller kerf that those 
methods which employ a saw and hence which 
results in less loss of diamond material. 

Yet a further purpose is to generate a plane 
which simulates the crystal cleavage plane without 
the octahedral restrictions. In this fashion, a syn- 
thetic cleavage plane may be generated. 



Brief [Ascription 

United States Patent No. 4.392.476 issued July 
12, 1983 describes the technique of using a laser 

5 beam to inscribe indicia on the surface of a pre- 
cious stone such as a diamond. The indicia are 
subvisibie and can perform the function of provid- 
ing characteristic information about the stone. 

In brief, one embodiment of this invention em- 

70 pioys a continuous wave (GW) Q-switched laser to 
deliver energy, at the focal point of the laser beam, 
on overlapping potential damage cells along any 
predetermined parting plane or parting surface 
within a diamond to thereby shatter the diamond 

75 material in a portion of each of these theoretical 
damage cells referred to herein as actual damage 
cells. The beam shatters the crystal material for- 
ming confined damage cells and it is believed 
there is a conversion of the form of the the cartjon 

20 material to graphite. When the damage cells ar 
generated to form a contiguous region, the result is 
a parting zone which thus has little holding 
strength. The diamond then can be readily parted 
into two segments along this parting zone. 

25 In order to start the process the laser beam 

has to be focussed on any energy absorbing spot. 
Once that spot has been physically altered, it 
serves as the starting point or zone for a series of 
overiapping potential damage zones. That is. by 

30 indexing the focal point of the lazer beam by some 
substantial fraction of the width of each potential 
damage zone, any given parting surface can be 
covered with a series of actual damage cells. The 
parting surface may be a plane or a curved surfac 

35 zone of shattered material. 

In order for the laser beam to be projected into 
the diamond, it is necessary to provide a window 
on a portion of the surface of the diamond. The 
window eliminates at^erration and scattering of the 

40 incident radiation. A converging jaser beam is pro- 
jected through the window to an opposing surface 
of the diamond. The* surface at the far end must 
have a light absorbing spot, which will normally 
have to be placed there in order to inititate this 

45 process. 

Because each shattered zone will block the 
light from passing through the zone, it it important 
that the process start along a portion of the surface 
that is far removed from the window. For the same 

50 reason, it is important that the axis of the laser 
beam be at an angle so the direction of the column 
of overiapping zones being generated and the ac- 
tual damage cells already generated do not block a 
portion of the laser beam. Thus, a parting surface 
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being d veloped must be generated by a scan 
sequence which avoids blocking the incident en- 
ergy at any point in the scan- 
Brief Description Of The Drawings 

FIG. 1 is a schematic drawing showing the 
generation of a damage cell in a diamond in accor- 
dance with the method of the present invention. 

FIG. 2 is a schematic drawing showing the 
step of scanning the focal point of the energy 
beam. 

FIG. 3 is a schematic drawing showing the 
generation of a vertical parting zone in a diamond 
in accordance with the method of the present in- 
vention. 

FIG. 4 is a schematic drawing showing the 
generation of a horizontal parting zone in a dia- 
mond in accordance with the method of the 
present invention. 

FIG. 5 is a schematic drawing showing the 
generation of a contoured parting zone in a dia- 
mond in accordance with the method of the 
present invention. 

FIG. 6 is a schematic drawing showing a 
p>arting zone in a diamond being generated by a 
series of tines having a locus radiating from a small 
area In accordance with the method of the present 
invention. 

FIG. 7. is a schematic drawing showing the 
step of maintaining the axis of the energy beam at 
the proper angle to avoid vignetting. 

Description Of The Preferred Emtxxiiments 

Referring now to the drawings and more par- 
ticularty to FIG. 1 in accordance with the method of 
th present invention a parting zone is created in a 
diamond 12. Although diamond 12 is used to illus- 
trate the method of the present invention, the meth- 
od can be used to create a thin parting zone in any 
crystal material, due to the changes which occur in 
the bonding structure of the crystal material when 
an appropriate energy beam is focused therein. 
The parting zone may be any plane or curved 
surface zone of the diamond and need not be the 
natural cleavage plane of the diamond 12. 

To create parting zone, an entrance window 14 
is prepared, preferably by polishing, on the top 
surface 16 of diamond 12, An initial point zone of 
energy absorbing material 18 is provided which is 
spaced from window 14. Zone 18 may be a natu- 
rally occuring impurity present on the diamond 12 
but more often zone 18 is created by applying an 
appropriat energy absorbing spot onto diamond 
12. 
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A CW Chswrtched laser beam 20, such as that 
descrit>ed in issued U.S. Patent No. 4.392,476 is 
focused on zone 18 using an objective lens 22. 
Beam 20 enters the diamond 12 through window 

5 14 which transmits the focused tjeam to zone 18. 
Zone 18 serves as an initial focal point F. The axis 
of t>eam 20 from zone 18 to window 14 is within 
the diamond 12. 

Window 14 must be wide enough to accom- 

10 modate the converging beam and, must line up 
with the f:>eripheral edge 26 of the parting zone. As 
shown in FIG. 1, window 14 extends across the 
diamond 12 from side A to side D. 

When the beam is focused upon the zone 18 it 

75 causes physical changes to occur in the structure 
of diamond 12. These changes increase absorptiv- 
ity by trapping light and by shattering. As used 
herein each successive portion of the diamond 
which is altered in structure by each pulse of the 

20 laser beam is referred to as an actual damage, cell 
24. 

The parting zone 13 (see FIG. 7) results from a 
plurality of contiguous actual damage cells, alt sut>- 
stantially identical to actual damage cell 24. As 

25 shown in RG. 2, the objective lens 22 is succes- 
sively moved so that the focal point of the beam 20 
is scanned through a succession of potential dam- 
age cells 28 along the predetermined parting zon 
within the diamond to create an internal surface of 

30 actual damage cells comprised of shattered ma- 
terial. Thus, by moving the focal point F, to a series 

of new locations F, Fx, a first column 27 of actual 

damage cells 24...^4x is created. The last actual 
damage celt of the column is positioned adjacent 

35 window 14. After first column 27 of actual damage 
cells is created. Successive, overiapping columns 
27, are generated until the entire (parting zone is 
generated. 

The actual damage cells 24 generated by each 

40 indexing are not co-extensive in area with the po- 
tential damage cells 28, but rather each actual 
damage cell has a volume somewhat smaller than 
its corresponding potential damage cell. This is 
t>ecause once the structure of the actual damage 

45 cell is altered by the beam the actual damage cell 
is opaque to the t^eam and further suitable alter- 
ation of its structure cannot occur. Hence, although 
the focal point is scanned such that the potential 
damage ceils overlap one another, only that portion 

50 of each potential damage cell which has not al- 
ready been altered in structure by the t>eam can 
be altered by the beam when it is moved to be the 
next successive focal point. 

As shown in FIG. 7. to. avoid having a high 

55 proportion of the nergy of th light beam ot)- 
scured by th g nerated actual damag c lis, the 
angle of incidence of the light t^am at the window 
may not be normal to the surfac . Rather, the axis 
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of the light beam should be maintained at an angle 
such that the converging light cone will not be 
obscured by the previously generated damage 
cells, which angle is greated than half the conver- 
gence angle of the beam. In this way the beam 
does not strike the previously general column of 
actual damage cells but focuses upwards so that 
the new potential damage cells will be overlapping 
and along side of the old column of actual damage 
cells. 

As shown by FIGS, 3, 4 and 5 the parting zone 
may be vertical, horizontal, contoured, or any com- 
bination of the foregoing. Further, the diamond 12 
may be divided into a plurality of sections by 
generating more than one parting zone. 

Additionally, as shown in Hg. 6 the parting 
zone may be generated by a series of lines whose 
locus radiates from a small area on window 14. 
N/Vhen this type of parting zone is desired window 
14 is made somewhat smaller. 



After the parting zone 13 is generated, dia- 
mond 12 can be parted using a parting knife, 
chemical action, ultra-sonic vibrations, or other ap- 
propriate means. 

5 The parting zone 13 is generated from the 

bottom surface 10 of the diamond upwardly to the 
top surface 16. Thus, a large kerf is not required to 
permit access of the converging laser beam. 

In one embodiment of the method of the 

70 present invention the Q-switched laser generates 
pulses at between two to ten kHz. The diameter of 
each potential damage cell is between three to 
twenty-five microns, and the potential damage cells 
may overlap one another by about 50%. The time 

75 that it takes to generate a parting zone can be 
calculated using the following formula: 



20 



T - 



X X PRF 



Where: T is the time in seconds needed to create 
the parting zone. 

A is the area of the parting zone in mm'. 

D is the diameter of the potential damage cell in 
millimeters. 

R is the overlap ratio of the potential damage cells. 

PRF is pulses per second of the laser beam. 

Using methods of the present invention a part- 
ing zone can be created in a one carat diamond 
having a 6mm x 6mm cross section in between six 
to eight minutes. In contrast, between two to eight 
hours are needed to create a parting zone in a 
diamond of equal weight and area using conven- 
tional methods. 

The generation of the parting zone by the 
method of the present invention can be automati- 
cally programmed with no need for an individual to 
continuously monitor the process. 

The method of the present invention is ad- 
vantageous when compared to previously known 
methods for cutting diamonds. Specitically, the 
method of the present invention is not limited by 
octahedral or other crystal restrictions on the part- 
ing zone being created as does cleavage along the 
natural parting plane. The method of tiie present 



inventions requires a significantly smaller kerf than 
either disc or laser sawing. The method of the 
30 present invention takes significantly less time than 
does sawing. 



Claims 

35 

1 . The method of providing a thin parting zone 
in a crystal material for separating the crystal into 
multiple parts comprising the steps of: 

40 preparing an entrance window on the outer surface 
of the crystal, said window being adapted to trans- 
mit a beam of energy. 

focusing an energy beam on a point zone of en- 
45 ergy absorbing materjal in said crystal spaced from 
said window. 

the axis of said beam from said point zone to said 
window t)eing within the crystal. 

50 

generating an energy absorbing zone at the focal 
point of said beam, 

scanning the focal point of said beam through a 
55 succession of overiapping potential damage cells 
along a predetermined parting zone within the cry- 
stal to provide a plurality of actuar damage cells 
comprised of shattered material as a parting sur- 



4 



iSDOCiD: *:EP 02lS960A2J_> 



7 



0 215 960 



8 



face for the crystal, a portion of said damage cells 
being within the interior of said crystal, and 

determining the succession of said potential dam- 
age cells such that none of the previously gen- 
erated actual damage celts lie along the path of 
said beam between the actual damage cells toeing 
generated and the window. 

2. The method of providing a thin parting zone 
in a diamond for sef>arating the diamond into mul- 
tiple parts comprising the steps of: 

preparing an entrance window on the outer surface 
of the diamond, said window toeing adapted to 
transmit a beam of energy, 

focusing an energy beam on a point zone of en- 
ergy absorbing material in said diamond spaced 
from said window, 

the axis of said l^eam from said point zone to said 
wirxJow being within the diamond, 

shattering a portion of the diamond at the focal 
point of said beam to thus create an actual damage 
cell. 

scanning the focal point of said beam through a 
succession of overlapping potential damage cells 
along a predetermined parting zone within the dia- 
mond to provide a surface of actual damage cells 
comprised of shattering material as a parting sur- 
face for the diamond, a portion of said surface of 
actual damage cells t>eing within the interior of said 
diamond, and 

determining the succession of said potential dam- 
age cells such that none of the previously gen- 
erated actual damage celts lie along the path of the 
said beam between the actual damage cells being 
generated and the window. 

3. The diamond parting method of claim 2 
wherein said steps of scanning and determining 
comprise: 

first scanning a line of overlapping potential dam- 
age cells by positioning said focal point of said 
beam along successive points of a predetermined 
line between said absorbing zone and said window. 

the first zone being shattered being the furthest 
removed from said window and the last zone being 
shattered toeing positioned at said window, and 

subsequently scanning successive overlapping col- 
umns of potential damage cells by positioning the 
focal point of said beam from a first end point of 



the column t>eing scanned that is removed from 
said window to a second end point of the column 
being scanned that is adjac nt to said window. 

4. The diamond parting method of claim 3 
5 wherein said step of scanning includes: 

maintaining the axis of said t>eam at an angle to 
the tangent of the column being shattered, said 
angle being greater than half the convergence ar>- 
70 gle of said beam. 

5. The method of generating a thin parting 
zone in a rough diamond for separating the dia- 
mond into multiple parts, comprising the steps of: 

75 polishing a window in the surface of the diamond. 

creating a light absorptive spot on the surface of 
the diamond at a position substantially spaced from 
said window. 

20 

projecting a laser beam through said window. 

focusing said laser t>eam on said light absorptive 
spot, 

25 

shattering a portion of said diamond at said focal 
point of said laser beam to thus create an actual 
damage cell, 

30 scanning said focal point of said laser beam 
through a succession of overiapping potential dam- 
age cells along a predetermined parting surface to 
provide a surface zor>e of damage ceils comprised 
of shattered material as a parting surface for th 

35 diamond, a portion of said surface zone of damage 
cells being within the interior of said diamond, and 

determining the succession of said potential dam- 
age cells such that none of the previously gen- 
40 erated damage cells lie along the path of the laser 
beam between the damage cells being generated 
and the window. 

6. The diamond parting method of claim 5 
wherein said steps of scanning and determining 

46 comprises: 

first scanning a line of overiapping potential dam- 
age cells by positioning said focal point of said 
laser beam alor>g successive points of a predet r- 
50 mined lir>e between said absorptive spot and said 
window, and 

subsequently scanning successive overlapping col- 
umns of potential damage cells by positioning the 
55 focal point of said las r t>eam from a first end poirrt 
of tt>e column toeing scanned that is removed from 
said window to a second end point of the column 
being scanned that is adjacent to said window. 
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7. The diamond parting nnethod of clainn 6 
wherein said step of scanning includes: 

maintaining the axis of said laser beam at an angle 



to the tangent of the column being shattered, said 
angle being greater than half the convergence an- 
gle of said laser beann. 
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® Creation of a parting zone in a crystal structure. 

© A method of providing a thin parting zone in 
diamond and other crystal material is used to sepa- 
rate the crystal into multiple parts. The method com- 
prises the following steps. An entrance window (14) 
is prepared on the outer surface (16) of the crystal. 
The window (14) can transmit a beam of energy. An 
energy beam (20) is focussed on a point zone of 
energy absorbing material (18) which is spaced from 
the window (14) in the crystal. The energy absorbing 
zone (18) is generated at the focal point of the 
beam. The focal point of the beam is scanned 
through a succession of overlapping potential dam- 
age cells which lie. along a predetermined parting 
zone within the crystal. The beam creates a plurality 
2 of actual damage cells comprised of shattered ma- 
^terlal which creates the parting surface. The succes- 
Osion of potential damage celt is such that the pre- 
^viously generated actual damage cells do not lie 
along the path of the beam between the actual 
to damage celts being generated and the window. 
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